Water is an essential and vital component for life but with the rapid increase in population and growing industrialization, amount of wastewater is also increasing. Dyes are used primarily in the production of various consumer products, and hence, considered as major pollutants. The present study involves the photocatalytic degradation of Evans blue using composite of barium chromate (BaCrO4) and multiwalled carbon nanotubes (MWCNTs). The effect of various parameters such as amount of catalyst, concentration of dye, pH and light intensity on photocatalytic degradation of Evans blue was observed to achieve the optimum conditions. The rate of degradation was estimated from residual concentration of dye spectrophotometrically at 620 nm. Here, MWCNTs will adsorb the Evans blue, while BaCrO4 will photocatalytically degrade this dye. The composite of multiwalled carbon nanotubes-BaCrO4 composite may be a promising material for combating against wastewater pollution.
Introduction
Water connects every aspect of life. The World Health Organization considers that access to safe drinking water is a basic human right. It has been reported that about 1 to 2 billion people lack safe drinking water. Water pollution has adverse effects not only on aquatic organisms but it also affects human beings and ecosystems. Water bodies such as lake, river, ocean and ground water get contaminated due to discharge of harmful pollutants in the water bodies without any suitable treatment to remove toxic compounds.
As synthetic dyes are used in many industries, especially textiles, printing, medicines etc., they have become common industrial environmental pollutants. Because of globalization and growing industrialization, it is the prime concern to be aware of the quality of their products and also the environmental friendliness of the manufacturing processes. The large-scale production and extensive application of synthetic dyes can cause considerable environmental pollution, making it a serious public concern. So, there is an urgent need to develop newer treatment methods that are effective in eliminating dyes from waste waters. Photocatalysis offers an economic and promising solution for the problem of wastewater pollution.
Carbon nanotubes (CNTs) have exceptional mechanical, electrical and thermal properties. Their superior properties make them the most promising nanomaterial in the 21 st century for a wide range of applications. CNTs have an enormously high surface area. Combined with the ability to attach essentially any chemical species to their sidewalls provide it an opportunity as unique catalyst supports. Therefore, efforts have been made to prepare composites of CNTs with some active photocatalyst, which can show efficacy in the treatment of waste water.
Carbon nanotubes having nanoscale dimension have been well known over the last few decades, first discovered by Iijima [1] , during his studies on synthesis of fullerenes. These carbon nanotubes were multiwalled carbon nanotubes (MWCNTs) containing at least two graphitic layers with inner diameters of around 4 nm. Two years later, Iijima and Ichihashi [2] and Bethune et al. [3] synthesized single walled carbon nanotubes (SWCNTs) buckytubes. SWCNT is an allotrope of sp 2 hybridized carbon similar to fullerenes. Its structure is a cylindrical tube including six-membered carbon rings similar to graphite.
Analogously, MWCNTs include several tubes in concentric cylinders. These consist of multiple rolled layers of graphene. They exhibit certain advantages over SWCNTs, such as ease of mass production, low product cost per unit, enhanced thermal and chemical stability.
Krishna et al. [4] synthesized photocatalysts by coating titanium dioxide on multiwalled carbon nanotubes for increasing the disinfection rate of bacterial endospores. Yu et al. [5] observed the effect of carbon nanotubes on the adsorption and the photocatalytic properties of TiO2 (P25) for the treatment of procion red MX-5B, procion yellow HE4R, and procion red HE3B. Woan et al. [6] synthesized carbon nanotubeTiO2 composites and investigated their photocatalytic reactions with organic, inorganic, and biological agents.
Kuo [7] prepared TiO2/CNTs composites and evaluated their effects on photodegradation of aqueous azo dye, reactive red 2. It was observed that photodegradation of dye by TiO2/CNTs composite is possible in solar light as electron transfer is higher for 410 nm irradiation than for 365 nm. Qu et al. [8] introduced Fe2O3 nanoparticles into the multiwalled carbon nanotubes and studied adsorbent properties of these magnetic MWCNTs using methylene blue and neutral red dyes. It was found that magnetic MWCNTs can be easily manipulated in magnetic field for desired separation after removal of dyes from polluted water. The integration of MWCNTs with Fe2O3 nanoparticles has great potential in removal of organic dyes from polluted water.
Xu et al. [9] prepared carbon nanotubes (CNT)/TiO2 nanocomposite photocatalyst and used it for gas-phase degradation of benzene. It was found that as-prepared CNT/TiO2 nanocomposite exhibited an enhanced photocatalytic activity for benzene degradation. Liquid-phase degradation of methyl orange by CNT/TiO2 nanocomposite was also carried out. It was observed that CNT/TiO2 composite acts as a photocatalyst for degradation of organic pollutants. Sano et al. [10] reported use of multiwalled carbon nanotubes for phenol decomposition in water. It was found that multiwalled carbon nanotubes synthesized directly on the surface of cylindrical stainless-steel anode show improved phenol decomposition because of increase in surface area. Khan et al. [11] prepared the nanocomposites of ZnO/NiO with MWCNTs and determined the photocatalytic activity of the as-prepared photocatalyst by the degradation of methyl orange while Sen et al. [12] used composite consisting of polymers like polyethylene for the removal of methylene blue from water. Wei et al. [13] explored the application of nitrogen-doped carbon nanotubes-FePO4 (NCNTs-FePO4) composite as catalyst for the removal of Rhodamine B in a Fenton-like system. Oveisi et al. [14] (CNT) nanoporous composites (MIL/CNT) and found that due to the synergistic effect of CNT, nanocomposite exhibited higher photocatalytic dye degradation.
Experimental Methods
Evans blue or T-1824, is an azo dye that has a very high affinity for serum albumin and hence, termed as pharmacologically active dye having chemical formula C34H24N6Na4O14S4. Evans blue dye (EB) is widely used to study blood vessel and cellular membrane permeability as it is non-toxic. It can be administered as an intravital dye and binds to serum albumin using this as its transporter molecule. 
Preparation of Composite
The composite was prepared using mechanochemical method by mixing 5 g each BaCrO4 and MWCNT and the mixture was ground in Agate mortar pestle.
Characterization of Composite
Field emission scanning electron microscope (FESEM) and energydispersive X-ray spectroscopy (EDS) was performed by Hitachi-PU 5.0kV to characterize the as-prepared composite. FTIR Model RZX (Perkin Elmer) was used to record the Fourier transform infrared (FTIR) spectrum.
FESEM Analysis
The field emission scanning electron microscope (FESEM) analysis was conducted, which provides information of the sample surface i.e. its morphology. As-prepared composite with higher resolution revealed the nanopabbles of BaCrO4 along with nanotubes of CNT composite (Fig. 2) . The analysis showed that the particle size of nanopabbles ranges between 75 nm to 750 nm and the average particle size was 250 nm. 
EDS Analysis
Energy-dispersive X-ray spectroscopy (EDS) detects X-rays emitted from the sample during bombardment by electron beam to characterize the elemental composition of the analyzed sample. It is based on an interaction of source of X-ray excitation and sample. The EDS analysis of sample showed that it contains carbon (wt %) = 58.37, barium (wt %) = 17.83, chromium (wt %) = 7.43 and oxygen (wt %) = 16.37 only.
FTIR Analysis
FTIR spectrum of composite (Fig. 3) was recorded on FT-infra-red spectrophotometer model RZX (Perkin Elmer), which clearly indicates the presence of a band at 1222.1 cm ˗1 , may be due to presence of C-O stretching vibrations. The presence of a linkage between chromium and carbon was indicated by a band at 896.8 cm ˗1 . These observations are in support of the fact that multiwallled carbon nanotubes forms some type of linkage with chromium (Cr -C linkage).
Experimental
A stock solution of Evans blue having concentration 1.0 × 10 ˗ 3 M was prepared using doubly distilled water. The stock solution was diluted further as and when needed. A solution of 1.40 × 10 ˗ 5 M Evans blue was taken in a beaker, 0.1 g of composite was added to it, pH of the solution was kept 8.0 and then it was exposed to a light with intensity 60 mWcm ˗ 2 . A UV -VIS Spectrophotometer (Systonics Model 106) was used to observe the absorbance (A) of Evans blue at λ max = 620 nm to monitor the progress of the reaction. It was found that the plot of log A v/s time was linear, which suggests that the reaction follows pseudo-first order kinetics. The rate constant was calculated by the expression k = 2.303 × slope.
Typical Runs
Typical runs for the degradation of Evans blue by MWCNT, BaCrO4 and MWCNT-BaCrO4 composite has been presented in Table 1 and graphically represented in Fig. 4 . 
Results and Discussion

Effect of pH
Rate of degradation of dye in presence of MWCNT-BaCrO4 composite was determined by varying pH in the range 4.0 to 10.0, keeping all other factors constant. The results are reported in Table 2 . It was observed that rate of degradation continuously increases till pH 8.0, but it was found to decrease on increasing pH further. This may be explained by the fact that with increasing pH, more -OH ions are available and as a consequence, more •OH radicals are produced; thus, reaction rate increases. At higher pH than 8.0, there is a repulsion between anionic and negatively charged surface of the composite due to adsorption of -OH ions. At lower pH, a decrease in rate of the reaction may be due to no attraction between neutral dye molecules and positively charged surface of the composite because of adsorption of protons. As a result, rate of degradation decreases. 
Effect of Dye Concentration
Degradation of dye by MWCNT-BaCrO4 composite was observed taking various concentrations of dye in the range of 1.20 -1.80 × 10 -4 M. The results are presented in Table 3 . It was observed that rate of degradation was increased till concentration 1.40 × 10 -4 M, but it decreases for higher concentrations. This was all due to the fact that with the increase in the dye concentration, more molecules of the dye are available for excitation and therefore, there is a rise in the rate of degradation. But on further increasing the concentration beyond this limit, dye will not allow the desired light intensity to reach the surface of the composite, as the dye starts acting as an internal filter. As a result, the rate of degradation of dye decreases at higher concentrations. 
Effect of Composite
Rate of degradation of dye was also observed taking different amounts of composite. The results are summarized in Table 4 . It was found that rate of degradation was maximum, when amount of catalyst was kept 0.10 g, but on increasing amount further, the rate decreases. It was found that on increasing amount of semiconductor, rate of degradation increases because its exposed surface area will also increase. But on increasing amount of composite further above 0.10 g, there is a decrease in rate of degradation. It can be explained by the fact that on increasing the amount of composite above 0.10 g, the surface area remains same and there are close multilayers of composite at the bottom of beaker, which leads to recombination of electron-hole pairs. This recombination reduces the photocatalytic activity of composite and it will result in a decrease in rate of degradation because the main reactive oxidizing species, •OH radicals, are formed in less number. It was confirmed by stirring the solution, where value of optimum amount was shifted to a higher range. 
Effect of Light Intensity
The dye solution was exposed to different light intensities keeping all other parameters constant. The results were presented in Table 5 . It was found that in the presence of barium chromate, multiwalled carbon nanotube or light alone, there is slight decrease in concentration of dye. The rate of degradation of dye was quite low, because of less adsorption of dye. When MWCNT-BaCrO4 composite was used, rate of degradation was found to be relatively high. The rate constant for degradation of dye was reached to its optimum at light intensity 60.0 mWcm −2 . The rate of degradation of dye was increased with the increase in light intensity.
Thereafter, the rate decreases on increasing light intensity further. This increase in photocatalytic degradation is due to increase in number of photons striking per unit area per unit time with increasing light intensity. After this optimum value of light intensity, a decrease was observed in photocatalytic degradation, may be because of thermal side reaction and therefore, higher light intensities were avoided for experiments.
The effect of addition of 2-propanol (a hydroxyl radical scavenger) on the photocatalytic oxidation was also observed. It was found that the addition of 2-propanol decreases the rate of degradation drastically as its presence in photocatalytic reaction acts as hydroxyl radical scavenger, which is an active oxidizing species in the reaction. 
Mechanism
The carbon nanotubes act as an electron sink and as a result, h + are left free to oxidize ̄ OH ions to • OH radicals. Based on these observations, a tentative mechanism for photocatalytic degradation of Evans blue may be proposed as:
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Evans blue absorbs visible light and it is excited to its first excited singlet state, which is converted to its triplet form through inter system crossing for stability. Barium chromate present in composite is also excited and will develop an electron-hole pair. An electron is present in the conduction band of barium chromate while hole is present in valence band. As MWCNT is known as an electron sink, it will abstract this electron from conduction band of BaCrO4. The remaining hole will be utilized by ̄O H ions; thus, hydroxyl radical is generated, which is strong oxidizing agent. This hydroxyl radical oxidizes triplet state of Evans blue to its leuco form, which ultimately degrades to less harmful or almost harmless products.
Reusability
The reusability was observed by recollecting the composite, which was thoroughly washed and dried. Maintaining optimum conditions, 10 mL of dye solution was taken and composite (0.10 g) was added to it. The rate of degradation of dye was again observed. This experiment was repeated four times without any significant loss in the photocatalytic activity of composite, and hence, it can be concluded that composite can be reused again.
Conclusion
Composite of MWCNT-BaCrO4 was prepared by mechanochemical method and used for the degradation of Evan's blue. It was proved to be a potential candidate for treatment of wastewaters containing Evan's blue. It is an efficient photocatalyst. There was an enhancement of 87.5 and 528% in the photocatalytic activity of composite as compared to MWCNT and BaCrO4, respectively.
